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1. S2fA|-aA||A|(E0)_1* 2. 

e g^uiaoii sH&g-e esefe ah 

^OlS&IhMiQAH A^]_1S 



S^l^aAISS SI23E0II2I 
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#^ 2003/12/2 

(Tbi- x -y- z RE x A y ) 3 D a B b 0 i 2 :Ce z> (^}<M, RE^r 3£^f- Y, Lu, Sc, La, Gd, Sm, Pr, 

Nd, Eu, Dy, Ho, Er, Tm ^ YbAS ^-f-^^) ^o_s.«-e^ ^i^S)^ ^°]S, Sj-v+Sj Q±t>]aL, A 
=-4? Q±3.tf Li, Na, K, Rb, Cs^ FrSLS. <>}^o]^ ^o_S,^B\ ^ 
Dfe ^iSAi Al, In ^ Ga^-S. °]-?-<H*l ^o. S «. 

B] z\6\s. 4Ufc<>H, 0 <S x < 0.5, 0 ^ y <0.5, 0 < z < 0.5, 0 < a 

< 5, 0 < b < 5)5. o}^6\^ oi^ ^#*)H4. BflAfl W^lfe #51*1] 

s}-^ « 0 >l:*Kr, #7) ^*H# #71 #51*11 tti^l ^*fl HKMfc 

#4 #71 $M ^#*1H ^)«h ##s|^ ^ s^-°i] ^sfl ^W-. * m 

^ #51*1] «^<>1 ^^M-^L, A}^H£ ^JL#Sl z\-5}7\ 

£ 4 

#5=31 OT-tfaj, jsUIHB^l ^#*1] 
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km 3 

{Tb,B-BASED YELLOW PHOSPHOR, ITS PREPARATION METHOD, AND WHITE SEMICONDUCTOR LIGHT 
EMITTING DEVICE INCORPORATING THE SAME} 

^ 3E^#^ ^ #51*)] **^^| 7fl^«?l ^3E» 



i 5^ tfls-g- s^e^ LED* 3^th to*l] t 

£ 7^ J^W^l oV<g^s)]^-^] ^^^^]^ LED* 
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#3 H*>: 2003/12/2 

3, 10, 20 : LED^ 4, 11, 22 : afliLE. &| JE. 
5, 12, 21 : B}J= 6, 13, 23 : ^#31 

9, 17 : 15, 26 : 

L3> aVjEafl (Light Emitting Diode: LED)^ PN ^tHS te^lS.^ , #<yvg- 

7>*r 1 £ |fo S wj-^lS] TfflJEL^ (bandgapH] Sfl^Hr *1H*1« ^EflS. 

iM^rfe ^-^>^> (optoelectronic device)^. 

• 4> GaN 7J1<2} te^fl lfrJfrM 6 !! ^ LED7> 7fl^5]^ LED^ # Qz\ 

#7} ^%6\] LEDfe iAl^^ J£Al^> ^n> o|-"lJ] fij- -g-iL^7}-X| ZL A>-§-^^ 7 > 

3H£|J1 X*^ S^-g- LEDfe ^ ^1^4 ^ 2:^7l^ofl HlSfl ^ 10-15% 

^JE^ ^ #^S.<2} 100,000^1?> ^^^1 ^ ^ Jft^g 

5> ^db7>7> -g-§-£l7l ^^Tr LED* ol-g-^j-ol afl^-g. <g^. ^ o^o) & 
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^ %q-£ iflfe 37fl^ led* ai^-a- ^*Hr ^^s.^,' 

InGaN, AlInGaP ^^]» °l-§-^h °1 ^ $H RGB3 3^ LED* 

^ LED* te^r ^<$°] 4^ LED* fefe « c V^i o] x\ 

3. cfHji, LED^ ^^^-o] ^^-^ ^7]S 2^S}7l7} -g-ol^l »t|-. ^ «i 

^£ LED» ^-€^3. ol-g-^H ^7]a]^ ««^^ ^*Hf ^-<1 

SAi, InGaN/R,G,B ^^]» Hh##33>1 ^-g-^l-cf. o] ai^fl-SHH ^ 

5tU. 7 fl^Al^ ^ ^4. ^71 ^ W± ^fl ^ ^ 7fl ^. 

o] nv^^>q LEDS-^-B] ^-o] #^-#<£ LED^ll ^r^M 3l 

*| «*M<>1 ^ &*\)7} &t±. Af| ^^-8: %q LED» ^^.5- A^oj 

%^ 1^1 <^7)a]^o.s.^ ^-g- ^SRr ^°H, ^#3^-3. InGaN/YAG:Ce ^%*H» 

16> Cj-g-^ ^7^0} jr^-o. ^ 7 -j ^ (exciting radiation)^ 4^4 ^#^)^ : £ 

#4 ^£51 ^ofl D fl-f ^tft ^7}^ ^^fe ^ifr^^S. ^7l^#S. 

€ 2.*0 (matrix)^ 5-*fl» *§^#€S Sl^H?]^ *)-§"§• 

(activator)S. =M 5$-^ , 4<£$ ^Bfl^ SF^H #7>7> ^71^-EflS. £)&47> «> 
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<i8>q*]o> (Nichia) 4sj *]^-*) 5,998,925^ ^ 6,069,4405:^ £^ <>1-Mr bj]^ 

^•£^1 ^^l^i, InjGajAlkN (O^i, O^j, 0<ik, i+j+k=l)S. Sa]£)tt aV^ll- 
^-fr*Hr ^^^^>^, ^-71 ^^^^H ^^>^ 
tfs. ^o. yag (Yttrium, Aluminium, Garnet) 31 7>5^ f-frSfe 

%q ^*H» UN"**!* 7flAl^>ji ^01, ^"71 YAG31 4|1^*11S! Y 3 

(Ali_ s Ga s ) 5 0i2:Ce4 ^2^^1^1 Re 3 Al 5 0i2:Ce (0<is<l, Refe Y, Ga ^ La # ^VM^l 

; 19> (Osram) A}^ n]^^ 6 , 504 , 179°H ^ 7]^ RGB <^3.^1 (3*3, ^ ^ ^ab^ ^ 

^-i- 6 l-g-^>fe ^) ^ BY <HH5.*1 o)^}^ ^ BYG °] 

t}-. o) ^ 300 nm ifl*| 470 nm ^fll^ «o v #^>fe LED* 

°1 *IU^] ^^H] ^sfl ^-o.s #^4. °)^^t 

^3]7> ol-g-^,. Ce-^# 7>e^7fl ^ ^aflSfe ^ 20% °1 

620 nm 7M^°H ^ Re 3 (Al , Ga^Xe (Re^r Y 

Tb°]4)5- ^^17> c»l-§-^^. 

*>3E$r, (General Electric)^ ^]^«] 6,596, 195Jl^fe e^-Si]*! ^ 

(^ 315 nm ^ 480 nm <3^)£) ^7l€ ^ ^ tfl X ] jg.^ szj- 

(^ 490 nm tfl*l ^ 770 nm)^ ^^3.1- JSLo]^. 7>a]^^- wj- 

#*Rr ^^-^)fir °1» «H 7^}JL 9X^n, o) q3**lfe 7}=^ (garnet 

structure)* 7}*]^, <g«H (Tb 1 - x - y A x Re y ) 3 D z 0i2 (Afe Y, La, Gd ^ Sm Re 
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Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb # Lu 41*1 3 D 

Al, Ga, In ^«*M -3^3^ ^ ^rr Refe ^<H*H #«L^ , x*r 0 

0.5«1j1, yfe 0.0005 ifl*l 0.2o]Jl f zfe 4 ifl^l 5^14)^ &*1€4. 
c2i> ^ ^sfl^ ^3. UV vfl^| LED^ll YAG31 

nam, YAG^)^ %^ ^ *W>M 3^, <>1^ €>« *lWr7l 

3*11 iH^m 7}sH #^ Al^lfe 

23> £ ^ofl 551^, -5>7l ^IV^I^S. IAlS)fe Bfle-i- isflo]H^^ %4j *J#*fl 

**> (Tb 1 - x - y - 2 RE x A y ) 3 D a Bb0i 2 :Ce z 

J5> ^HH, REfe s)£-ff- ^3.^ Y, Lu, Sc, La, Gd, Sm, Pr, Nd, Eu, Dy, Ho, Er, Tm ^ 
Li, Na, K, Rb, Cs^ Fr^-S. °]-f-<H*l 5.0.5.^ *J£»s|^ 5^5) # 
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#^ Q*V- 2003/12/2 

°<H^ Al, In ^ GailS. olf^J ^E| ^HSjs]^ ^ 

±.3-*] 0 ^ x < 0.5<>lJl, 0 ^ y <0.5<^lJL, 0 < z < 0.5°lui, 0 < a < 5°)JL, 0 < b 
< 5<*14. 

#7] *\«\)*\, v}#z\is}7)g,^ 0 < x+y+z < 1©H , c-]^- uV^-2j*>7] Sfe 0 < x+y+z < 
0.5014. 

#7] -*HH, wf^^lSfe, 4 ^ a+b ^ 7o] 4. 

^ ^^Itt ^ 420 nm tfl*l 480 nm ^$HH ^3r|3.» 44^:2.. 530 nm 
tfl^] 570nm ^$H*| ^43.* 44NH4. 

i=. ^o]sl &fr*R= tfl=# ^# ^--B- ^# £ iL^h 

-i: 3EWfe -g-^-i: *ll2:3Hr #7] £^*J| ^*}a} fg^i=. 3. 

3]; ^ 200 vflx] 1500 t4M ^-7] <3?3^- W^Al^l 4. 800 tfl*] 1800 t*H>H ^°J*i 

^ ^-f* *«^*H #4 4^4^ 4S- 4^ 7>^i ^ ^#*>fe w 

*I)4 M-r*l* if-^Kr ^^)^#^r #7l ^^7]- JjL% ef|=-g-, 

^ ^ *hfr*M. -#7] <$*r^ #^^7> Al, In ^ GaS. o]i=Lo^ 50 

5.44 3^ ^ o.S. S>fe «H ^£^1 ^^l7> *fl^S4. 
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#7] te^l] ^^V^ W ^A^H7> 400 nm^-H 530 nm^ £U, 

#7] #JE*f| ^^*Kr 71^4, 7]^ofl fl*|*Hr ti>£^#^r if-*Vrf. ^-71 

^ GaN, InGaN, AlGaN 3E^r AlGalnN t&E.Sf|» Sff4. 

#7] 5L^&£ <=>>^€el]^- (ZnSe)^] 3^ ^ ^ 

eji=; #7] fl*|«H, zl <#^4 ^<H-o]o]o\) <*)«q ^ ^-7) p>^h 

bJjel^ b1;e.o)1 ^H^lr ##«Rr LED ^; ^-71 LED ^-§- ?WK£-it- <#7] 

b^^MN f^sq<H 'S^M-a^; ^ ^-7] pf-^B s] jel£) *H?-» ^l^^V b)j= 
^4 -8-71 LED $ ^ ^*Hr fil^lt ^71 W^i^f^l j= 

^^14 -8-71 ^mii SA]5)^ UflH-g- ^.5flo]H^ %^ 1§**l|# 3L^Rr, 3 = i§ ^ 

^"71 BW^NN #^SM ojo.^, ZL <£^4 ^^-o] ^5}-0l^6|l o]<5}| 44 #7] ^ 
^7H1 ^MsW « 0 >#^ LED ^; ^ #7] LED 3* T^KE^ aj- 7 | 34 

f^^M ^"71 ^r^H* ffl^A]?]^ S^SL^* Aj- 7 ] ^^1^ 
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loi^^^3094 2003/12/2 
<36> £ ti>^] ^^1^ ^S*]^*} (LCD)^I ^hMHS. + 

<38> ^o)]^ *fl^£)^ ^^1^ ^ ^> 

^>J1 #7l ^i^^^S.^ Al, In, Ga BEfe oj^o] ^^o] o]-g-^T}. 

<M> (Tbi- x - y - z RE x A y ) 3 D a B b 0i 2 :Ce z 

<4i> RE^ s|5Mt Y, Lu, Sc, La, Gd, Sm, Pr, Nd, Eu, Dy, Ho, Er, Tm ^ Yb<L£. 

^5)^ *H5L ^o]ji ( A ^ ^ ^S.^ Li, 

Na, K, Rb, Cs^ Fr AS. ojijLo^ #^5^ ^o]s. Qdto)JL, Dfe 

^ 0 <J=«HS Al, In ^ GaA5L <>]^<H*1 ^S^e] aj^H ^i^i 

0 ^ x < 0.5°l:a, 0 ^ y <0.5°lal, 0 < z < 0.5<:>]j1, 0 < a < 5<>lJL, 0 < b < 

42> «>#a|^7lS.^ 0 < x+y+z < l^pj, tf-7) 3.^ 0 < x+y+z < 0.5<^14. # 

7} <*HH, v}^?>}7)3,±r, 4 < a+b ^ 7^1^, J±t} «].^-3i-5>7lSfe- 4 ^ a+b ^ 6^4. BE 
tb, 0.05 < x < 0.3, 0.05 <: y < 0.25, 0.005 ^ z < 0.015"?! w}^*l-tf. 

43>^- 7 ) ^^HH, x <% z o] ^7) 3-9-41 #^-Jl#^: ^ 5^. SE^h 

y7> 41-71 ^1 ^^o] ^ofl, Ce7> #^^1^ 3*3^ 71^ ^ ^Jl^, zl ^-^•i: 

SHM-^r 3^]^ ^^^-MCquenching effect)^] 4^- ^JE*^}- ^ ^- 
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7} 'U3MHfe ^ 420 nm 480 nm #^3.» i+Bj-vfl Jl , 530 nm *fl*l 

570nm^l^1 ^^3.^- M-^W. 

<44> #7l Ji^HBTll ^«*r H3M1 J§-^ 3. 

< 45 > £ Bfl = -g- tlellolE^ t§#*|] ^ ^<^1 2-^1* 

^ ^ #7] JE.^1» JE^SHr ^ ^^fHl 4^ ^ 

=46> 7l^ofl trl-s^, 3711 4 ^« 7^ W*!l7> ^l^t}: (l) SRs^, ^^W, >fl# 

^ ^ iL^^ -g-*H -§-^^1^ »lsmr #7fl; (2) ^-71 ^Sfl ■%- 

<q-£r ^?-#*H ^<y*H '^*Rr 3*1; ^ (3) #7l &^<£&n #*|* 

•47> <^1 l ^1: ^ -§-^ S*fl> 

*> ^7>>» *)l^}-7l W ^T 1 ^ -g-^^T *H^M SH-M ^Jg-jfl 2.^1 

$ -g-nflS.^, 4)« fo], <£3.^rO) oj-§-5q^, 5Lx\] ^ 2^#3^r °1* 

-g-SflS]^ ^<£, ^^-1", SL^r ^1"^ ^Efl7> ol-g-^rf. 

*9> ^71 ^^1 -g^ ^ ^« ^V 2 ! 3.7]7} ^S\7] tJfl^-ofl 37]^ 

<y7|t- ^^}7l SH^tt ^afl -§-^£| dE^^M, «>^*>7lS.fe 0.002 
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3.0M^ 2:^^. -*7l ^7} 0.002M *]i£ol 34<*|)fe -SKMW ^ 

5)31, 3.0M o]^-ol ^-fofl^ ^IS. <?]^H #^1 -§-°-^ ^^7]7> <^i}. 

<50> 2 Sja^ 

c5i> ^ «^ ^<H^1 -g-^^r ^f-^H ^3 £ 

^"71 <^<q 3)^3 ^#3^ S^^l ^7>^ H7]# Jie^}^ 0.1-100 

Affll ^» ?Mtt ?M W>^^V4. ^7] ^-^1, ^7]^# ^^1, 

ti(sub) 3.71^ n]^^ ^7}. 7>^-&>Jl ) -g-7]^#3l- J^^^g- O] 

-g-^ nH3^<*IM ^ti.p>o]3.^ 3.7]*\ ^7V^ ^a)--^ ^ 5£t}. SEtb, ^€ 

^« ^Bfll- 2:^7] ^SfHfe ^ n>ol3.€: 371 PM1 t^MS *r 

52> <^11 3 #7fl: ^*f| <$ A 3> 

53> #71 #^#^5.^-31 ^£ *]Afl <Sfl^ ^ ^-§-7HlAi ^^1 

^i-^s ^^4. °h, ^7is^ ^^i ^ g <&&n *T 

$41*! 200 vflXl 1500 °C7> WH^^t}. £-JjL<g-g-gfl oB^ol ti>-g-7l* *^ 

^ ^m^l 4^1 *^>7l t^ofl «i^l ^7>*S1 ^ ##C] f^*] o)^o]£ + 

°H ^Fl*)^ 800 xfl^l 1800 °C, ^ w>^^>7fl^ 1100 tfl^l 1300 
t^H 1 ^*1 20^m ^^Bl ^cHH^ ^fMl n}^ zz. 

3^3- ££7} ^ ^4. 
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^ 4^ ^*fM^ 

LED4, #7l 31 = # %^ ^tW. #7l ^-^o.^ ol-g-sq^ LEDfe a> 

^^g-^o]^ 7}%^, ^ ^-2J5|3L7> 400 nm<*lH 530 

nm^l «J3H 5^ GaN, InGaN, AlGaN 3^r AlGalnNS. ^r^l* i^^. # 

7l ^r^H"^ 0 ! ^7] ^^-1- y>£^l^ tJ %6\ w>^^>4. 

S6> £ #5.%) ^#*13 ^Bfl^ofl 9X°]*\, ^"71 ^^fe #7] «VE*ll 

^^7} W<*f| 41*l*Hr ¥^^14 MS. #71 

^-«fl 7l^gr°HH o]e^ <^ °l-8-€ ^ sa^. 

^ ^#31» 3 £4. oV^-M^l ^^^^1^1 #71 Bfls^- ji^cl 

H7?l W*1H tflSfl l iflxl 40^%"?! ?M w>^^H, io vfl*l 20^%^ 3H SL4 

^ oi^tfl, oie^v w ^ HBfl<a, ^m^, 6 J^^^m ^ 

°1 At}-. 3ifl^i^^. <q^-^ ^7l^ si^-S-^Elsl 7^1^, ^7H, ASH tfl^ 
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^%#*]Sr s)^ Hefloj eMl^f(9)» 7}*H, bH^-(9H LED ^(3)3}- 

^^1S^#(6)# i^H, #7] LED ^(3H #^°H(1, 2)^1 ofl^c^^)^ 7 fl 

5. ^ £^ ^ ^f^H3 ^ ^^fl(7)^l ^"71 

s-a] ^ -i^^* 

^olcf. £ 2*IH, ^ #51*11 ^"#*l*r B^l^f(17)7}- ^jMl Sl^ 

(16) 4! ofl^^cs). 7^.5=5} 2= S. *}-g-^Hr (11, 12)7> ®^o\ £Lfe ^£5. £H 
^14. ^-7] LED^(10)4 ^^Kll, 12)^ ^£H>H(14)4| ^«fl N^€^ ^ P^^^" 
4] $14. #71 sl^-f-i-Hl LED ^(10H 9X^, ^ #3. ^^1^ %^ ^ 

M ^7}* ^-frSRr ^^l^#(13)ol =L 4-A] Aj-71 x!^l>^(17)3 

JfS. &^z4- #7l el^^«-(17)5l ifl^^r tiU}#O.S *)-g-*H, Aj-71 HH^- 

(17) ^ A}#A^ =.o] ^ jO S ^ 

60> £ 3£ PCB(Printed Circuit Board) ^2^^ *H #51*11 ^^1^ <iH» 

S.X\% ^o]4. £ 3d\) £A]^ ^o], PCB^(25) #^41 #71 LED^ (20)^1 ^ $UL, ofl 

^=51^(22) ^ 7fldt=Bl = (21)7> ^2Hol(24H AA LED^ (20)^ ^ P^3. 

^-ofl ^4-S\o] &t±. ^"71 LED ^(20) #441 ^M^^#(23)4 «#(26)^ *Hfl3. ¥^ 
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LED^sl ^o] 7 > 100 Aan^l *-M # 7 1 *^ ^^a^*^ *Mfe W ^ 

+ * ^os^ 100 /mi vfl^l 300 /on LED^ ^«=>1^ ^ 1* 3^ 

^ojoi ^o] u>^W, 150 w W 250 [w 3-% ^ £ 

ol7> 100 im Hflfe ^ Wfl7> HiSl^l t^I <^^. 300 am 

?}«}6]£ 7l*^«H| GaN, InGaN, AlGalnN Tlll^ #5^]* 

t^-bL^ $o)t\.. ^^B^^r 400 nm vfl*l 470 nm <*IM fe£ ^ Ji^aL &aL, 

^ ^t-^Kr Jf-S* 3.o]ZL3. ^:%^H YAG:Ce31 

^oflA-i i+EM-fc ^ *B-3*r ^7>»ls. *M Tfr^-fls.^ ^ €■ 

*fl7V -5* Sfil^. *H*W, ^ led 3^ ol-g-* ^t 1 * ^ °1 W* «m^41^a 

£ 5 ^ = ji*Mm*| led* s^-^r «M **4*>1AS^| 

^B^-g: M-b^ £ 5^1 LED ^^S.^ 71^^ 
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^^B^^r 400 vfl^l 475 nm^Ai ^ &r *l=l* SU. ^^-^ 620 ™ 

5. 7^ ^olH^l %^**fl, o^^l^l ^^^^1^- %q LED» 2^tb ^*^H 
^cofl o}*fl ^ -aN'fc'M* 4^ ^^-S^m. 420 vfl^l 480 nm ^ 

^, EfliH-g- ^.BllolB^ %^3**ll ^ oV^^lTEr^l 3^1 ^**)1^ ^^l-ir* 

4bH, ^ «J}aJJ ti>^l ^*#*l*r ^°1 ^sHi- «>5i*il» 

^ #51*11 iflS* ^.eflolH^ %^ «§**ll» S^l^o.^, #5i*1| 

£th *W *|S.* ^1°1H3) %4 3**114 a>3*3|-M 3^ 3**11* *fl 
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[^4 JL3}-] 

##tt 44 £ 4^ ^H^Tl] ^^flfe 4^^ 

3 ^ ^4i*}7V ^#4fe 4^ 4#4 * 

**H *-H4 7>^>7fl ^H-S, ^ ^^^» *Kr LED -§~g-£<>H 3 

-§-€ <r $12-4, ^1 4^ ~ -f^*K5.S LCD4 Bfl^#€(back light) -§--2-3. 

a>^-s|7H1 3^1-4. ^HH ^44 3^ ^^l^l 

4*1 ;§sfl*m ^4 4^3 4# x^HH €-44 ^4 44* 4*1 4<=>ll 4*H 
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(Tb i-x-y-zRExA y )3D a B b 0i2:Ce z 

-*HH, RE^ Y, Lu, Sc, La, Gd, Sm, Pr, Nd, Eu, Dy, Ho, Er, Tm ^ 

Li, Na, K, Rb, Cs^ VrSLS. o]^^ 3:<L$.^ *M5L €^1^, D^r 3fl 

g^g «A3>| Al, In $ GaAS. €K2^M € 

iS.A-] 0 ^ x < 0.5°lul, 0 <: y <0.5°l:n, 0 < z < 0.5«lal, 0 < a < 5<>lJL, 0 < b 

2) 

5a°H, -# 7 1 0 < x+y+z < 4 < a+b < 7<*1 ^ *|- 

afll^l Sa°1^, ^ 420 ran 480 nm 3-^5L* M-^vfljl, ^= 530 ran 

570 nnHH M^^r ^^^S ^ = # iL3HH3l 
4] 
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200 UN 1500 ^71 «** ^ « * 800 UM 1800 

*** W» **** Wa1H * 

71 4* ** 4 A*. « * ^ ^ 

«±* Al. In « Ga* *«* MA* *t *** «* 

*1. 

[^^ 6] 

#5i*il ^##*1- 

(Tb 1 _ x - y - z RE x A y ) 3 DaBb0i2 : Ce z 

RE- €^ Y, Lu, Sc, La, Gd. Sm, Pr, Nd, Eu, Dy, Ho, Er, Tm * 

Yb^ *i^*i ^ **** m± «hM A- **** 

Li, Na, K, Rb, C* FrO S o 1M4 ^ «^ ^ D - * 

W8 Al, In « Gao^ o^* ^ ^ € 

0 ^ x < 0.5O13. 0 < y <0.5olH, 0 < . < O.Sol*. 0 < a < 6*1:*. 0 < b 
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45*4 fl«W. *4 **47> ^ 420 nm W 480 nm « 41 4*1 *^=L» ^ 
„ 3l * 5 30 „ 4*| 570 nn^H t^Ht 44 ^ 

[^* 81 

fla^. ^71 «&4*> 71*4. *7l 714^ fl44* 

4** i^Vfe ^-fr *Hr W * £ * HWM- 
[^* 91 

410*1 flU. 71*0! a W oh at «***<>1£<1 ** * 

[3^* 101 

48*4 5ftoW. *7l *5L4 **fc*4 ^4**1 GaN, InGaN, AlGaN iEfe 

AlGaI*4 **** ' 

l^* 111 

45*4 5ft*H. *7l **4a***l o>s*4*4 44 S**B* 3 ^ 
3 o g ^ 44 ^vs.4 *4-#4. 

[%^* 121 

411*4 sft*W. *7i o}«44*4 34 Wol M **** H*H 1-40 

f^%oJ ^-^ *}tt 44 #5^1 ^^1- 
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10^1^^3094 

13] 

45*4 *7l WM* ^ ^ ^ **** ** 

^t=o) 31=4 "g^^M ^o.^, ^^g- LED 3; 

^71 LED 34£*-VH ^ **4a**; * 

^ H ^» m ® Bl- ^-71 LED 3 £ 3*43^* 

^-g-sHr ^#4;* n^l^H. 

(Tb i- x -y- z RE x A y ) 3 D a Bb0i2 : Ce z 

RE^r 4£* **fcS*1 Y, Lu, Sc. La, Gd, Sm, Pr, Nd. Eu. Dy, Ho, Er, Tm g 
Ybo^ o^o^J ^ £44*? 41* ^ ^l*. Afe 3441&4 iMr €^ 

Li, Na, K, Rb, Cs^ Ft** 4*4* M*** *^ ^ lJL ' °^ * 

«4£4 W **S4 Al, In « Ga^ 4*4* *<LS*4 *44fe 34* W « 
<fc£4 0 ^ x < 0.5O13L. 0 < y <0.5ol51, 0 < z < 0.54*. 0 < a < 54*. 0 < b 

< 544. 
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1021^3094 



I^t 1 * 151 

7l ^^>ofl SX<L*\, Wfrfe LED 4; * 

** ***** ^ *** 

*|: 

(Tb 1 - x - y - z RE x A y ) 3 D a Bb0i2:Ce z 

REfe Y, Lu, Sc. La, Gd, Sm, Pr, Nd, Eu, Dy, Ho, Er, Tm « 

YbOS o^cH^l ^ *KM A - ***** ^ ^ 

Li, Na, K, Rb, Cs* Fr^L ^ ^ D^ * 

^ W Al, In « Gao^ ol^J ***** ^ € 

^ 0 ^ x < 0.5*151, 0 £ y <0.5olJL, 0 < z < 0.5*]*. 0 < a < 5o]al, 0 < b 

PCBCPrinted Circuit Board) * W LED 4, *** ^ . 

pcb Bf«a^ a^a-a^ ^ 

(Tb i- x -y- z RE x Ay)3DaBb0i2 : Ce z 
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102^^3094 

EE* «»* V, Lu, So, La. Gd, S», ft. «. Eu. Dy, Ho, Er, Tn, « 

U..*. K, Eb, Cs* Fr** °1^*> ***** **** *** "* < 

Wi* W Al. In * Ga'S ***** * 
0 * x < 0.5O13. 0 £ y <0.5ol*. 0 < z < 0.6.1a.' 0 < a < 5-131. 0 < b 

17] 
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